Succ.& r Tt 6-UDJJj £/£Y£OR. SV^_ ±^± 

B- & UM^2^a/7_ 6- £ A ?''///£ S_ ~ -s fcfrftiJ/RJEd 

YA-P&HKd Fiztrt 2^ CJ> 


SCfiLk A~‘c/ ' 

v7?= 9*2 ffc/x£, 

or /T. r** ( 7D 














































2 _- rsjv/Rzp 



r 

































S/z-X/Sdft 

A AM4d/X&D 


mLA v., ««■... 

































































2 : 



/ 


































suc&^~ T* U'/r/s gwr T-UDtP SfeYSOJX £Uj 

P & c i!l '^l L c t 'i ■i / ^ /z ^ 6/V — ^ 4 / r ^) JtttrttAM 

rtP£PM> ftotf 2-j~'c# re /^- L -‘ 


* f H / 

SCfiLfr s/ 

9 >p My^£ t 

OR / 7 . /^' r *>.tCD 



















































































































— r~? • 


/ / ^ 


£*0 


ft ' ^ u j)> l c> * 7 ^ 









NOTE 


I have been working for the past two years with a graduate 
student, Craig Douglas, on graphite designed tubing for my 
Sansor 210 D-l65» with Bob Trampenau's permission of course. 

We had about $ 3000 worth of graphite tubing. It was 2" and 
1 l/2" X . 050 " wall thickness, 6' lengths, and spun in different 
weaves from 5" -90 : , which governs the stiffness or flexibility 
of the tubes. With Bob's reccomendation we used the 2" on the 
leading edges and 1 l/2" on the keel and cross tube. We did 
bending tests on all the different angles the tubes were spun 
at. (Results are enclosed with this material). 'We found that 
the 25 c graphite was about the same stiffness as the Aluminum. 

We used 25 3 on the forward keel, 5 : on aft keel, 25 1 on the 
crossmember and 30" on the 2" leading edges. The tubes were 
sleeved and bushed wherever there was a bolt or splice with 
stainless steel bushing or anodized aluminum sleeves. The 
tubes were joined by sleeves with 2 ton l/2 hour epoxy glue. 

The College of Engineering has allowed me to work on this 
project for the past year, during working hours. Since they 
paid for all the tubing, I furnished the money for all the new 
hardware (sail and all anodized sleeves and other parts cost 
me $550) First, I replaced .the keel with graphite on my glider 
and flew it, next the crossmember, and finally the leading 
edges. After all the tubes were replaced I bought a new white 
sail, fitting it with all new parts. I then put all the aluminum 
back onto the old glider. It was a step by step operation. The 
weight reduction was not as much as I expected because the leading 
edges were 1 5/8" and ass1 l/2" replaced by 2" graphite. 

Tube for tube it is just about 40$ lighter and twice as strong. 

In tension tests the bolts pulled right through the Aluminum 
sleeves that were epoxied onto the graphite. The glider at the 
start weighed 51 pounds, while after conversion it weighed only 
45 pounds. The sail weight was 10 pounds, the control bar, 
king post, deflexor, define tips and battens about 10 pounds. 

I have ordered a control bar, king post and defined tips in 
graphite also, and they should reduce the weight by about 5 
pounds more. The College of Engineering is also paying for more 
graphite tubing, 1 7/8" and 1 5/8" for a deflexorless, Sensor 510* 


ENCL0SER 1 




l8 Jan. 1980 


Keel-aluminum 
Keel-graphite 

Cross tube-aluminum 
Cross tube-graphite 

Leading edge 
Aluminum (1 5/8"& 1 
Graphite (2") 


TUBING COMPARISON 

Weight- 1983 grams or 4.3 7 pounds 

Weight-1180 grams or 2.60 pounds 


Weight- 1297 grams or 2.86 pounds 

Weight- 877 grams br 1.93 pounds 


l/2")_ Weight 2782 grams or 6.13 pounds 

Weight 2603 grams or 5*73 pounds 





GRAPHITE TESTS 


1 ij 2" X .050"-.006 *5° 


v ight 

Deflection 


0 

‘ TTbbT* 

E= 

4lbs-6 oz. 

1.560 


"24 lbs-j oz. 

1.604 


44 lbs 

1.660 


4 lbs 

1.717 


34 lbs 

1. 776 

E= 

104 lbs 

1.310 


124 lbs-6 oz. 

1.053 



* j-'y 

45 y Eax tT avg. t 


E= 34.31 X 10 


'M li 
0 

4 lbs-6 oz. 
?4 lbs 
44 lbs 
64 lbs 
84 lbs 
164 lbs 


1 1/2” x .050"-.004 ±45° 

Deflection 


T37T 

1.626 
1.862 
2.128 
2.3 70 
2.653 
2.964 


E= 


PI? 


4-6 y liaxYi 5* avg t 

6 


E=*- 2.7 X -10 


1 1 / 2 " x . 050 "-.003 ± 25' 


’eight 

Deflection 


0 

1.24-0 1 


4 lbs 6 oz. 

1.570 

E” 

24 lbs 6 oz. 

1.630 


44 lbs 6 oz. 

1.724 


64 lbs 6 oz. 

1.800 


84 lbs 6 oz. 

1.8 76 

E~ 

104 lbs 6 oz. 

1.975 



PT? 


46 y")--axtf i'^ avg t 

0 

E~ 8.52 X 10 














ALUKIimr TESTS 




1 1/2" X .04 

Deflection 


0 

T.T7T.. 


4 lbs 6 02. 

1.610 

- 3 

24. lbs 6 02. 

1.690 

E= PL 

44. lbs 

1.768 

46 y Max If 

64. lbs ' 

1.834 


84- lbs 

1.927 

t 

10.4 lbs 

1.98 7 

E= 8.95 x 10 


avg t 







Bending Test on l/2 " OD X .049 at 45 * 



Gage No. 

Reading(lbs) 

Strain or comp. 

deflection 


50 

135 

.0155 

• . 

100 

268 

.038 


150 

405 

.0615 

# 1 

2t) 0 

223 

.0875 


250 

150 

.13 


300 

90 

.43 


500 

94 

.76 



50 

532 



100 

1080 



150 

1652 


# 2 

200 

2020 



250 

2549 


• 

300 

'3104 



500 

6100 




50 

320 


100 

665 


150 

1010 

3 

200 

1360 


250 

1693 


300 

2028 


500 

3430 



























Tensil Test on 1 l/2 " OD X .049 at 45 


Gage No. 

Reading (lbs) 

Strain 

Micro 

inches/inch 


50 

35 




100 

54 



# 1 

150 

78 




200 

100 




250 

123 

1500 

67 8 


50 

14 . ' 




100 

40 



# '2 

150 

67 




200 

80 


• 


250 

88 

1500 

512 


50 

30 




100 

52 



# 3 

- 150 

78 




200 

95 




250 

118 

1500 

660 


50 

22 




100 

24 



# 4 

150 

25 




200 

24 




250 

22 

1500 

306 


50 


10 

100 


10 

150 


10 

200 


10 

250 


10 


1500 178 












Te^S i L t e^T 

























January 27, 1980 

I test .flew a glider with a new 25 front keel and 5 aft keel, 

with 25 cross tube. I had two good long flights and the glider did feel 
4 lbs lighter. 

February 9. 1980 

I test flew a glider with new graphite leading edges. I had a good 
flight and it held up good. 
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NOTE 


I have been working for the past two years with a graduate 
student, Craig Douglas, on graphite designed tubing for my 
Sensor 210 D-165, with Bob Trampenau's permission of course. 

We had about $ 3000 worth of graphite tubing. It was 2" and 
1 l/2" X .050" wall thickness, 6' lengths, and spun in different 
weaves from 5 6 -90 e , which governs the stiffness or flexibility 
of the tubes. With Bob's reccomendation we used the 2" on the 
leading edges and 1 l/2" on the keel and cross tube. We did 
bending tests on all the different angles the tubes were spun 
at. (Results are enclosed with this material). We found that 
the 25* graphite was about the same stiffness as the Aluminum. 

We used 25° on the forward keel, 5 3 on aft keel, 25 f on the 
crossmember and 30 s on the 2" leading edges. The tubes were 
sleeved and bushed wherever there was a bolt or splice with 
stainless steel bushing or anodized aluminum sleeves. The 
tubes were joined by sleeves with 2 ton l/2 hour epoxy glue. 

The College of Engineering has allowed me to work on this 
project for the past year, during-^working--hxuurs. Since they 
paid for all the tubing, I furnished the money for all the new 
hardware (sail and all anodized sleeves and other parts cost 
me $55°) First, I replaced the keel with graphite on my glider 
and flew it, next the crossmember, and finally the leading 
edges. After all the tubes were replaced I bought a new white 
sail, fitting it with all new parts. I then put all the aluminum 
back onto the old glider. It was a step by step operation. The 
weight reduction was not as much as I expected because the leading 
edges were 1 5/8" and about 1 l/2" replaced by 2" graphite. 

Tube for tube it is just about 40% lighter and twice as strong. 

In tension tests the bolts pulled right through the Aluminum 
sleeves that were epoxied onto the graphite. The glider at the 
start weighed 51 pounds, while after conversion it weighed only 
45 pounds. The sail weight was 10 pounds, the control bar, 
king post, deflexor, define tips and battens about 10 pounds. 

I have ordered a control bar, king post and defined tips in 
graphite also, and they should reduce the weight by about 5 
pounds more. The College of Engineering is also paying for more 
graphite tubing, 1 7/8" and 1 5/8" for a deflexorless, Sensor 510* 


ENCL0SER 1 








UP Products Testing New Graphite Glider 
Hang Gliding Magazine, november 1977,p* 13 


Very favorable flight tests have been completed on a new 
Ultralight Products glider. For comparison purposes, UP built their 
prototype to the same specs as their " 15^ " Spyder, but used 
graphite spars instead of aluminum. The graphite tubing used was 
made by Graftek/Exxon's Marine Products division. These shiny, 
dark grey spars are made by wrapping epoxy impregnated graphite 
material over long mandrels and then firing them under heat and 
pressure to achieve the proper cure and strength. The results 
tubes with half the weight and twice the strength of aluminumIThe 
advantages of this material will enable manufacturers to create 
smaller gliders having the same lift capabilities as the larger, 
heavier aluminum gliders. With the reduction in span comes a propor¬ 
tional increase in penetration and quicker control response. The 
disadvantage of the graphite composite tubes are expense; about 
$ 1000 more per glider than aluminum, and a slower fabrication time. 
Costlier tools are needed; diamond tipped saws and drills must be 
used to cut and pierce the spars. Construction techniques must be 
streamlined. According to UP President, Pete Brock, " We are working 
on a solution to these problems and are confident that we will 
have the first production graphite Spyders and Fireflys in the hands 

of the public by next year. " Brock feels that graphite will be to 

#•»' " “ " " 0 ~ 

the hang gliding industry what urethane foam was to the surfing 

■ —, , — - —- - - - - - —— ■ ■■ ■ 

industry. 
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Tensil Test on 1 l/2 " OD X .049 at 45 


e 


Gage No. 

Reading (lbs) 

Strain 

Micro 

inches/inch 


50 

35 




100 

54 



# 1 

150 

78 




200 

100 




250 

123 

1500 

678 


50 

14 




100 

40 



# 2 

150 

67 




200 

80 




250 

88 

1500 

512 


50 

30' 




100 

52 



# 3 

150 

78 




200 

95 




250 

118 

1500 

66 0 

• 

50 

22 




100 

24 



# 4 

150 

25 




200 

24 




250 

22 

1500 

306 


50 

10 

100 

10 

150 

10 

200 

10 

250 

10 


1500 178 














^ _ c/2 /£/r /s&'Cf t* 



A// - 
& 

f// ' / ** 


^r ■' - 

r/r 

r<b 


/ 


i.sr/ 

/ ■ /£ o 

/, 

/. ^ 

/ , 7/ 7 f 

/• 


£ " 


7/ 


5 


j (hr 

/. 7/7 
/, 


/ 7 * . ^ 4 -jr 

0 \/ 

m ^ 

(? 

/. 7T/ 

■ 7^ 

/, ^/7 

7 7" 

/ . 

f' 

;?^f 

i r 

7.^77 

T'f 

-.?. <■" 

j 7/ 



/ 



? -~ T 


a 


7 


>i 


7 "-//.*/ * /o 


6 



4 .r <2-7^/^ 












Bending Test on/l/2 " OD X .049 at 45 



Gage No. 

Reading(lbs) 

Strain or comp. 

deflection 


50 

135 

• 0155 


100 

268 

.038 


150 

405 

.0615 

# 1 

200 

223 

• 0875 


250 

150 

• 13 


300 

90 

• 43 


500 

94 

• 76 



50 

532 


100 

1080 

- 

150 

1652 

# 2 

200 

2020 


250 

2549 


300 

3104 


500 

6100 



50 

320 


100 

665 


150 

1010 

# 3 

200 

1360 


250 

1693 


300 

2028 


500 

3430 
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ALUirilRTT TESTS 


1 1 / 2 " X .Oip" 




•/eight 

Deflection 

0 

1/3 73 


4- lbs 6 oz. 

1.610 



3 

24- 

lbs 6 oz. 

1.690 

E= 

SZT 

PL 

44- 

lbs 

1.768 


Max it F? avg t 

64- 

lbs 

1.834- 




64- 

lbs 

1.927 



t, 

ic 4 - 

lbs 

1.987 

E= 

8.9 5 

X 10 








18 Jan. 1930 


Keel-aluminum 

Keel-graphite 

Cross tube-aluminum 
Cross tube-graphite 

Leading edge 
Aluminum (1 5/3"& 1 
Graphite (2") 


TUBING COMPARISON 

Weight- 1983 grams or 4.37 pounds 

Weight-1180 grams or 2.60 pounds 


'Weight- 1297 grams or 2.86 pounds 

Weight- 877 grams or 1-93 pounds 


1 / 2 ”) 


Weight- 

Weight- 


2782 grams or 6.13 pounds 
2603 grams or 5*73 pounds 







G."IA?I-:iT5 TEST'S 


l 1(2" x .050” + .006 * 5 ° 


'eight 

Deflec tion 


0 

1 • 6 61 

E= 

4 lbs -6 oz. 

1.560 


-?4 lbs- oz. 

1.604 


44 lbs 

1.360 


4 lbs 

1.717 


34 lbs 

1. 7?6 

E= 

104 lbs 

1.810 


124 lbs-S oz. 

1.358 





4.0 y i-:ax' IT avg. t 


E= 14.31 X 10 



1 1 / 2 ” X 

. 050”-.004 ±45° 

ight 

Deflection 


0 

1.5 l 


4 lbs-6 02 . 

1.626 


?4 lbs 

1.862 

E= 

44 lbs 

2.123 

“PT 

64 lbs 

2.3 70 


84 lbs 

2.653 

E= 2.7 X 

104 lbs 

2.964 





oz. 

02. 


1 1 / 2 " X . 050 "-.003 ± 2 


r ’eight 
0 

4 16s 6 
24 lbs 
44 lbs 6 oz. 
64 lbs 6 oz. 
84 lbs 8 oz. 
I 04 lbs 6 oz. 


Deflection 

T350 

1.570 

1.630 

1.724 

1.800 

1.8 76 

1.9 75 


CO 


E= 


PL 


3 


48 y l-Icjc <1 i-8 avg t' 


E= 8.52 X 10 
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Tensil Test on 1 l/2 " OD X .049 at 45 


Gage Mo. 

Reading (lbs) 

Strain 

Micro 

inches/inch 


50 

35 




100 

54 



# 1 

150 

78 




200 

100 




250 

123 

1500 

67 8 


50 

14 




100 

40 



# 2 

150 

67 


- 


200 

80 




250 

88 

1500 

512 


50 

30 




100 

52 



#. 3 

150 

78 




200 

95 




250 

118 

1500 

660 


50 

22 




100 

24 



# 4 

150 

25 




200 

24 




250 

22 

1500 

306 


50 

10 

100 

10 

150 

10 

200 

10 

250 

10 


1500 178 











Bending Test on/l/2 " OD X .049 at 45 



G age N o. 

Reading(lbs) 

Strain or comp. 

deflection 


50 

135 

.015 5'* 


100 

268 

.038 


150 

405 

.0615 

# . 1 

200 

223 

.0875 


250 

150 

.13 


300 

90 

.43 


500 

94 

.76 


50 

532 



100 

1080 



150 

1652 


# 2 

200 

2020 



250 

25^9 



300 

3104 



500 

6100 



50 

320 

100 

665 

150 

1010 

200 

1360 

250 

1693 

300 

2028 

500 

3430 


# 3 
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GRAPHITE TESTS 



1 1(2” X 

.050”+.006 *5° 

right 

Deflection 

■5 

0 

1 . b b 

E= ?I7 r 

41bs-6 oz. 

1.560 

40* y i .S-Jv tT 

-?4 lbs-j oz. 

I.604 


44 lbs 

1.660 


4 ibs 

1.717 

r 

84 lbs 

1.776 

E= 14.31 X 10 

104 lbs 

1.310 


124 lbs-6 oz. 

1.353 



ight 

0 

4 lbs-6 oz, 
?4 lbs 
44 lbs 
64 lbs 
84 lbs 

104 


l i/?" x .050”-.004 ± 45 ° 

Deflection 


T.T1" 

1.626 
1.862 
2.128 
2.3 70 
2.6 53 
2.?64 


E= 


PI? 


“4T 


y i-iS jcm h 4 avg 


E= 2. 7 X 10 


C 



* , 

1 1/2" X 

.050”-.003 ± 25° 

'eight 

Def lec tion 


0 

1.840 


4 lbs 6 oz. 

1.570 

E= PL 

24 lbs oz. 

1.630 

48 y 17ax 7T 

44 lbs 6 oz. 

1.724 


64 lbs 6 oz. 

1.800 


84 lbs 6 oz. 

1.8 76 

E= 8.52 X 10 

104 lbs 6 oz. 

1.775 














18 Jan. 1930 


Kefel-aluminum 
Keel-graphite 

Cross tube-aluminum 
Cross tube-graphite 

Leading edge 
Aluminum (1 5/3"& 1 
Graphite (2") 


TUBING COMPARISON 

Weight- 1983 grams or 4.37 pounds 

Weight-1180 grams or 2.60 pounds 


Weight- 1297 grams or 2.86 pounds 

Weight- 377 grams or 1.93 pounds 


l/2") Weight 2782 grams or 6.13 pounds 

Weight 2603 grams or 5*73 pounds 








.n/ /js 













TUBING COMPARISON 


Keel-aluminum 

Keel-graphite 

Cross tube-aluminum 
Cross tube-graphite 

Leading edge 
Aluminum (1 5/8"& 1 
Graphite (2") 


Weight- 1983 grams or 

Weight-ll80 grams or 

Weight- 1297 grams or 

Weight- 877 grams or 


1 / 2 ") 


Weight- 

Weight- 


2782 grams or 
2603 grams or 


4.37 pounds 
2.60 pounds 

2.86 pounds 
•93 pounds 


6.13 pounds 
5.73 pounds 





Tensil Test on 1 l/2 " OD X .049 at 45 


Gage No. 

Reading (lbs) 

Strain 

Micro inches/inch 


50 

35 



100 

54 


# 1 

150 

78 



200 

100 



250 

123 

1500 678 


50 

14 



100 

40 


# 2 

150 

67 



200 

80 



250 

88 

1500 512 


50 

30 



100 

52 


# 3 

150 

78 



200 

95 



250 

118 

1500 660 


50 

22 



100 

24 


# 4 

150 

25 



200 

24 



250 

22 

1500 306 


50 

10 

100 

10 

150 

10 

200 

10 

250 

10 


1500 178 












Bending Test on/l/2 " OD X .049 at 45* 



Gage No. 

Reading(lbs) 

Strain or comp. 

deflection 


50 

135 

.0155" 


100 

268 

.038 


150 

405 

.0615 

# 1 

200 

223 

.08 75 


250 

150 

.13 


300 

90 

.43 


500 

94 

.76 



50 

532 


100 

1080 


150 

1652 

# 2 

200 

2020 


250 

2549 


300 

3104 


500 

6100 



50 

320 


100 

665 


150 

1010 

# 3 

200 

1360 


250 

1693 


300 

2028 


500 

3430 
























~Tc r>Si L f esT 


#1 


A* 


6 


TO? 




*L2- 




4 * 


\k 4/ 


// 




l 

























GRAPHITE TESTS 


i 1(2" x .050”t.006 * 5 ° 


eight 

0 

4 lbs -6 oz. 

"24 lbs -6 oz. 
44 lbs 

4 . lbs 

84 - lbs 

104 lbs 

124 lbs -6 oz. 


Deflection 
1. ^ ■ ■’ 

i.56o 

1.604 

1.660 

1.717 

1.776 

1.810 

1.858 


E= PI?. 


48 y Max it R s avg. t 


E= 14.31 X 10 


Tight 

0 

4 lbs-6 oz. 
24 lbs 
44 lbs 
64 lbs 
84 lbs 
104 lbs 


1 1 / 2 " x .050"-.004 ± 45 ° 

Deflection 

-T3 


r 

1.626 
1.862 
2.128 
2.3 70 
2.653 
2.964 


E= 


PT? 


48 y kaxM 

< 


ns 


avg t 


E= 2.7 X 10 


1 1 1 2" X .050"-.003 ± 25 c 


3ight 

Deflection 


0 

1 . 54 o 


4 lbs 6 oz. 

1.570 

E= 

24 lbs 6 oz. 

1.630 


44 lbs 6 oz. 

1.724 


64 lbs 6 oz. 

1.800 


84 lbs 6 oz. 

1.8 76 

E= 

104 lbs 6 oz. 

1.975 



PL 


48 y n R 3 avg t 


E= 8.52 X 10 











ALUMINUM TESTS 


i 1 / 2 " x . 04 . 2 " 


Weight 

0 

4. lbs 6 oz. 
24 - lbs 6 oz. 
44- lbs 
64- lbs 
84 lbs 
104 . lbs 


Deflection 

.r.T3— 

1.610 
1.690 
1.768 
1.834- 
1.927 
1.98 7 


E= PL* 

4-8 y Max It 9* avg t 

E= 8.95 X 10 * 
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• 22-115 - CROSS SECTION - 10 SQUARES TO INCH 
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